A drop of a drying oil, i.e. an unsaturated glyceride:(linseed oil), spreads upon an oxidizing solution (MnO4K 0.1%) and forms, after a few hours, a thin, flexible floating membrane, showing bright interference colors; this indicates a thickness which can fall below 1 t~ (Monnier and Monnier, 1964) . This membrane can be floated on a saline solution and can support a drop of another solution. Thus it separates two distinct aqueous phases into each of which an Ag-AgCI-KCI electrode can be inserted. This constitutes a model of the cell membrane which exhibits curious analogies: excellent cation selectivity; hi-ionic potentials indicating different permeability toward the various cations (permeability for K + markedly greater than that for Na+); nonlinear current-voltage relation; excitability showing "responses" characterized by sudden and temporary increases of conductance; frequency of responses increasing with the current; impedance locus of the resting membrane represented by an almost perfect Cole's half-circle centered on the resistance axis (this allows the membrane to be described formally as a resistance and a capacity in parallel); charging time of the same order as that of some living excitable membranes (Monnier et al., 1965 a, b). Part of the above features can be attributed to anionic fixed charges induced in the membrane by its formative process, oxidative polymerization. Recent work has confirmed and extended these results.
Therefore, the specific permeability of the membrane toward these cations, relative to that toward Li +, follows the same sequence. Thus large cations appear to have, in the membrane, a higher transferability. This process seems to be restrained not by the mass of the cation but by the number of water molecules attached to the latter. Small cations like Li +, being the most hydrated, therefore are the most restrained in the membrane.
The pH of the solutions in contact with the membrane, adjusted by a small amount of buffer solution, has a large influence upon the membrane static conductance, i.e., conductance estimated from voltage-current curves, obtained with weak currents. Conductance increases all along the range investigated (pH 2.50-pH 8.85). The increase in conductance is important only from pH 4.75 upwards (Fig. 1) . At pH 8.85 the increase can be 10-fold. But then the membrane shows a distinct swelling which appears as the precursor of disintegration. At pH > 10 swelling increases and disintegration proceeds rapidly.
Cation selectivity as estimated from diffusion potentials observed between two solutions containing the same cation, but at different concentration, reaches its maximum between pH 4 and 6. Bi-ionic potentials, i.e. intercationic selectivity, attain their maximum in a pH range similarly situated. Therefore selectivities appear to depend upon a limited amount of water in the membrane. This quantity of water being sufficient to ionize some of the acidic groups contained in the membrane, while producing only a moderate loosening of the membrane texture. OOUDEAU, 1967 b) Membranes inserted between 0.1 M solutions of the cation chloride and Li CI show bi-ionic potentials, the Li + side being again positive here. The potential increases with the number of organic groups in the ammonium cation: When on the same region of the membrane Li+-Li + solutions are first applied and then changed to Li+-organic cation solutions, the conductance of this region increases. It doubles with ephedrine and augments 20-fold with tetrabutyl ammonium, (Fig. 2 ). This suggests that the contact of large organic cations on one side of the membrane modifies the texture of the latter. Organic cations appear then to displace almost all of the inorganic cations. Consequently current across the membranes seems to be carried essentially by the organic cations. Sollner's formulation of the bi-ionic potential V seems to be adequate in this case:
~.r a Ca/,/a V,., = 58 lOglO "~2 = 58 loglo c2u ' --22 Ta and T2, gx and u2, ca and c~ being respectively the "transference numbers," the mobilities, and the concentrations of the organic and inorganic cations in the membrane. If the concentration of the inorganic cation c2 is very small compared to that FIotrmz 4. Correlation between capacity and conductance for various LT membranes (made from linseed and tung oils). Conductance and capacity in ohms and 10-9 farad (nO per cm 2. The line indicates an average charging time of 8.7 msec.
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of the organic cation ca, the bi-ionic potential is large. Besides, conductance may also be important if the large organic cation possesses a high mobility Ul, because the contacts between its alkyl chains and the lipidic reticulum of the membrane may involve only weak van der Waal's forces.
I M P E D A N C E OF R E S T I N G M E M B R A N E S ( S A N C H E Z AND R E Y N I E R = R E B U F F E L ,
1 9 6 7 )
These were made from a mixture of equal parts of linseed and tung oils, in the manner described above. This mixture gave more uniform results than pure linseed oil. The membranes, floated upon 0.1 M KC1, supported a drop of the same solution. Electrodes connected this system to the recording equipment (Fig. 3) . Under weak constant current pulses (10 -s amp cm 2) the voltage across the membrane rises exponentially to a plateau, (Fig. 7) . Charging time and static conductance are directly evaluated from the records. Since the membrane can be considered as equivalent to a resistance and a parallel capacity, the latter is calculated from the charging time. Capacity changes from one membrane to another and on the various regions of the same membrane, but its average value is about 4 X 10 -9 farad cm-L Cross-sections io-s of the membranes, examined by optical microscopy, indicate an average thickness of 3 u. Thus dielectric constant can be estimated to be about 14, higher than that of oils (2-3), but much lower than that of water (79). This moderate value for the dielectric constant indicates a limited hydration of the membrane. Average static resistance of the membranes at 20°C is 2.5 X 10' ohms cmL although up to a 10-fold variation in value has been observed. From the above average thickness, specific resistance can be estimated at 8 X 109 ohms cm. Thus average specific conductance is about 1.2 X 10 -1° ohms -1 cm -1, that is at least 1000 times greater than that of the original oils.
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The good correlation between capacity and conductance of the resting membrane (Fig. 4) confirms that the charging time is fairly uniform because charging time is theoretically independent of membrane thickness, while capacity and conductance are not.
Excellent correlation between capacity and conductance is also obtained when records are taken immediately after placing the drop of saline solution, with its electrode, upon the floating membrane, and later, every 30 sec. Capacity and conductance, measured through brief constant voltage pulses, rise simultaneously for 30 min or more (Fig. 5) . This double rise appears to depend upon the gradual increase of the membrane hydration which proceeds under the drop of the saline solution placed on the membrane surface.
These increases of capacity and conductance while presumably hydration proceeds are only observed when these parameters are measured under constant voltage pulses. This seems to indicate that current across the membrane might be the essential factor for its hydration.
Membrane conductance shows a marked increase when the temperature rises.
~ 0"2v 0.2 sec FXOURE 7. Potential difference across an LT membrane under a constant current pulse (downwards). Top record: weak current, the potential rises exponentially to a plateau. Middle and lower records: for slightly stronger currents, briefer initial exponential rises indicating increased conductance followed by stepwise subsequent increases. Fig. 6 shows a fourfold increase between 18 ° and 28°C, i.e., Oj0 = 4. This indicates that membranes are complex structures in a labile condition, in which large transformations occur.
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With constant current pulses between 10-100 X I0 -s amp cm -2, two types of responses may be observed. With a 20 X 10 -a amp cm -~ pulse, when the voltage across the membrane has attained a plateau, it drops, after a variable latency, to a lower level indicating an increase of membrane conductance, (Fig. 7, middle record) . When the pulse is stronger (30 X 10 -s amp cm -~) the increase of conductance occurs earlier and may be followed by a second increase, (Fig. 7, lower record) . The conductance remains at these higher levels even if the current pulse is prolonged, but fails back to its initial value when the pulse is terminated.
Frequently, however, repeated responses on spikes occur during the pulse of current. Gonductance then oscillates between two widely different values. On Fig. 8 (top record) the conductance at the peak of the responses is 11 times the conductance before the response. The latency of the first response and interval between the later ones decrease as the current is increased. Frequency of responses thus increases with the strength of the current pulse up to a limit. When the pulse is further increased the repeated responses stop, but then the conductance of the membranes remains at its peak value. The restoration process for further responses appears blocked.
This perhaps indicates a process that permits repetition of responses. Under a moderate pulse (as in Fig. 7 ) this process would be absent, and the response is a prolonged plateau. With a stronger pulse, the process would be started during the initial phase of the first response, and, since it is assumed to be a temporary increase of impedance, it brings the response to termination. As this process impedance climbs back to the level attained just before the first response, thus permitting the elicitation of a second one, and so on. Consequently repetition of responses may be attributed to a self-blocking mechanism triggered by the response, thus permitting the elicitation of a second one, and so on. Consequently, repetition of responses may be attributed to a self-blocking mechanism triggered by the response itself.
O T H E R L I P I D I C E X C I T A B L E M E M B R A N E S
The properties of membranes made from drying oils do not depend upon a definite procedure for their initial oxidative polymerization. Repeated responses have also been observed on membranes formed from a drop of linseed oil that had been spread on water and air-oxidated under ultraviolet radiations. 1 Excitability phenomena may also be displayed by membranes formed by monoglycerides (Monnier and Perrin, 1967) . These substances are both lipophilic and hydrophilic. They form aqueous gels, as has been shown independently by Brokaw and Lyman, (1958) and Monnier and Monnier (1958 , 1959 , 1960 . A Plexiglas cylin-/l.Alal .,. drical cavity, with a hollow rim, contains an Ag-Ag CI electrode and is filled with KC1 0.1 M. A moist cellophane sheet is stretched across the cavity and attached to the rim. A thin coating of a melted mixture of glycerol monooleate (GMO) plus 10 % oleic acid, is spread on the cellophane with a small brush. In a few minutes the coating absorbs moisture through the cellophane and becomes a superficial gel which shows marked birefringence. A drop of a KCI 0.1 M solution connected to another electrode, is placed on the gel, (Fig. 9) . Specific resistance of the latter is usually between 1 and 5 X 106 ohms cm -I, much higher than that of the moist cellophane sheet which serves only as support to the gel. When a constant current produces a potential difference of 2-5 v across this superfieial gel, transient and repetitive decreases in conductance are observed. In their general aspect these responses are very similar to those obtained on oxidized linseed oil membranes, (Fig. 10) . However their regularity is usually much less perfect. They often appear against a "noisy" background. Moreover the relative magnitude of the conductances changes is only ( ] E L L M E M B R A N E B I O P H Y S I C S about 1% of the static conductance. These features of the G M O membranes seem to depend upon a marked heterogeneity of these structures. This point is substantiated by examination of the gel between crossed polaroids and a compensating plate under a low power microscope. The gel appears then as an irregular mosaic of diversely colored regions which are therefore of varied structure and orientation.
The potential difference at which the responses occur is usually higher than that observed on the linseed oil membranes. Presumably the rather large thickness (0.1-0.2 ram) of the G M O membrane accounts for that. Repeated responses require the addition of 5-10 % oleic acid to the GMO, presumably because anionic groups are necessary and also because this addition reduces the amount of water in the gel from 30 to about 8 %. Such a limited amount of water seems a favorable condition which can be obtained by only 2 % of oleic acid and 8 % of a triglyceride oil. Other additives have been tested. Cholesterol and cephalin (1%) do not promote excitability but increase it when oleic acid also is added. Further studies on GMO membranes are under way because their composition is well defined. Nevertheless the data obtained present a rather high dispersion. However regularity of repeated responses is increased by a few millimoles of Ca ++ in the adjacent solutions. Ca ++ ions may act as bridges between anionic fixed charges and thus give a suitable compactness to the G M O gel.
G E N E R A L C O N S I D E R A T I O N S
The essential features which characterize the various lipidic membranes as model of excitable structures are the following: repeated transient increases of conductance when traversed by current; different selective permeability toward the various cations. However excitability occurs with the same cations on both sides of the membranes. The influence of different cations on both sides of the membranes is being investigated at present. The following are the main conditions for the appearance of the above features: (a) gel-like structure, i.e. a tridimensional reticulum, moderately hydrated (this is demonstrated by G M O membranes; when, by addition of a large amount of triglyceride oil, the gel does not form itself, no responses can be elicited); (b) fixed anionic charges in the membrane; (c) temperature between 15 ° and 30°C, optimal temperature being, for drying oils and G M O membranes 21°-24°C; (d) pH between 5 and 7. The mechanism of response is still open to speculation. Wien's dissociation effect was proposed as a possible mechanism, . It calls for the dissociation of the anion-cation pairs in the membrane under the electric field. But in most cases the field seems too small to account for such a process, especially in G M O membranes in which the activating field is only about 100-300 v cm -1. A more promising hypothesis is that hydrogen bonds, between O H groups attached to the lipidic molecules and between the latter and water molecules, may be considered as essential to gel formation. Cations and O H groups would thus compete for the attachment of water molecules. Cation transfer would require the breaking of H bonds. Perhaps the rupture of such bonds, in a moderately hydrated structure, occurs under a weak electric field. But this does not explain how the ruptured H bonds, which are left in the wake of a moving cation, recombine to form a temporarily tighter struc-FIGURE 11. Electron micrograph of a permanganate oxydated linseed oil membrane. After washing, the membrane is lifted upon the carrier grid for placement in the microscope. The feltlike clusters are due to microdeposits of manganese hydrxoide and indicate the regions where oxidation has occured and where channels lined up with acidic and hydrogen-bonding groups may be expected. Micrograph courtesy of Professor P. Galle.
